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DESCRIPTION 
CASEIN FRAGMENTS HAVING GROWTH PROMOTING ACTIVITY 

The present invention relates to growth 
promoters . 

It has long been known that milk contains growth 
promoting activity for cells that is additional to its 
nutritional content. Thus, Epidermal Growth Factor 
(EGF) has been identified in human (Shing and 
Klagsbrun, 1984, Petrides, 1985), rat (Raaberget al, 
1990) , swine (Tan et al 1990) and goat {Brown and 
Blakeley, 1983) milk. 

Indeed the EGF present in rat milk has been shown 
to be significant for the normal development of pups 
(Oka et al 1983) . EGF has not, however, been found in 
bovine milk (Read 1985) . Instead insulin-like growth 
factor (IGF) I and II (Francis et al, 1986) and bovine 
colostrum growth factor (BCGF) , which is structurally 
related to Platelet -derived Growth Factor (PDGF) 
(Shing and Klagsbrun, 1984, Brown and Blakeley, i984) , 
have been identified. 

The applicant has surprisingly discovered that 
bovine milk contains growth promoting activity for rat 
mammary fibroblast cell line (Rama 27) , which is not 
significantly stimulated by IGF or PDGF. 

Furthermore, they have identified peptide 
sequences which elicit this growth promoting activity. 



WO 97/16460 



PCT/GB96/02658 



-2- 

The invention relates to a peptide or a salt 
thereof comprising an amino acid sequence 
substantially identical to the C-terminal end of the 
ol-S2 casein precursor. 

According to a first aspect of the present 
. invention there is provided the use of a peptide or a 
salt thereof comprising an amino acid sequence 
substantially identical to the C-terminal end of an a- 
S2 casein precursor, for the manufacture of a 
medicament or foodstuff for promoting growth. 

Whilst whole casein protein shows no growth 
activity, the applicant has identified a number of 
.peptides, derived from the C-terminal end of Bovine a- 
S2 casein, which elicit growth promoting activity. 

Indeed, the applicant has shown this growth 
promoting activity to be present in at least peptides 
* of 9 to 31 amino acids in length which have been 
derived from the C-terminal end of Bovine a-S2 casein. 
It -is reasonable to hypothesise that the natural' 
sequence responsible for the growth promoting activity 
is the sequence comprising the last 9 amino acids of 
the C-terminal end or an even shorter sequence from 
within the nine amino acid sequence, possibly an 8 or 
7 amino acid sequence. Indeed, it may be. as short as 
a 3 amino acid sequence. 

•The bovine a-S2 casein precursor is characterised 
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in that it has an amino acid sequence: 



(CAS2_30VINJ ALPBA-S2 CASEIN PRECGRSGR. 
SEQUENCE 

HKFTIFTCLL AVALAKNT.KE 5VSSSEESII SQETYZQEXN KAINPSKENL CSTFCXZWR 
NANEEEYSIG SSSEESAEVA 7EEVKITVDD KHYQKALNEI NQFYQKFPQY LQYLYQGrTV. 
LNPWDQVKRN A7PITPTLNR EQLSTSEENS KKTVDMESTE V7TKKTKLTS EZXNRLNFLK 
XISQRYCKFA LPQYLKTVYQ HQKAHKPWIQ PKTKVIPYVH YL 



In three letter codes this translates to: 



TCAS2 BOVTNl ALPHA- S2 CASE IN PRECURSOR. 
SEQUENCE 

Me t Ly s Phe Phe 1 1 e £heThr Cy s LeuLeu 
AlaValAlaLeuAlaLeuAsnThrMetGlu 

HisValSerSerSerGluGluSerllelle 
SerGlnGluThrTyrLysGlnGluLysAsn 

Me t Al a I 1 eAsnProSe rLy sGluAsnLeu 
CysSerThrPheCysLysGluValValArg 

AsnAiaAsnGluGluGluTyrSerlleGly 
SerSerSerGluGluSerAlaGluValAla 

ThrGluGluValLysIleThrValAspAsp 
LysHisTyrGlnLysAlaLeuAsnGluIle 

AsnGlnPheTyrGlnLysPheProGlnTyr 
LeuGlnTyrLeuTyrGlnGlyProIleVal 

LeuAsnProTrpAspGlnValLysArgAsn 
AlaValProIleThrProThrLeuAsnArg 

GluGlnLeuSerThrSerGluGluAsnSer 
Ly s Ly s Thr Va 1 As pMe tGluSerThrGlu 

ValPheThrLysLysThrLysLeuThrGlu 
GluGluLysAsnArgLeuAsnPheLeuLys 

LysIleSerGlnArgTyrGlnLysPheAla 
LeuProGlnTyrLeuLysThrValTyrGln 

HisGlnLysAlaMetLysProTrpIleGln 
ProLysThrLysVallleProTyrValArg 

TyrLeu 
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The applicant has found that short peptide 
sequences incorporating the C-terminal sequence 
-LysVallleProTyrValArgTyrLeu show growth promoting 
activity. 

According to a second aspect of the present 
invention there is provided a growth factor comprising 
the amino acid sequence -LysVallleProTyrValArgTyrLeu 

Furthermore, comparison of, for example, the last 
20 amino acids of the C-terminal sequence for bovine 
a-S2 casein with those for goat, and sheep shows a 
high degree of homology, as does to a lesser extent the 
C-terminal amino acid "sequence of rabbit and pig a-S2 
casein 

The sequences for these. are set out below. 



[CAS2_CAPH2J ALPHA-S2 CASEIN PRECURSOR ( ALPEA-S2-CN) . 

SEQUENCE 

' MKTFIFTCLL AVALAKEKMZ. EVSSoEZPI" IFQEIYKQEZ tfMAIHFRKZX LCTTSCE2W 
RHANEEEYSI RSSSEESAEV APEEIXITVD DKHYQKALNE INQFTQKFPQ YLQYPYQGPI 
VLNPWDQVX31 NAGPFTPTVN HZQLSTSEEK SKKTIDMEST EVFTXJCTSXT EEEXNRLNFL 
KKISQYYQKT AWPQYLKTVD Q3QKAMKPWT QPKTNAIPYV RYL 



>?iriS33881|S33a81 alphas2-casei- = - goac 

KKrFirrcLL avalakhkme hvssseepi:: ijqeiykqex nhaiephkek lcttsceevv 

RNANEEEYSI RSSSEESAKV PLBZZZZZTSZ DKHYQKALNE INQFYQICTTQ YLQYPYQGPI 
VLNFWDQVKR NAGPFTPTVN REQLSTSEEW SKKTIDKEST ZVYTKKTKLT EZZXHRLNFL 
KKISQYYQKF AWPQYLKTVD QBQKAKKPW? QPKTNAIPYV RYL 223 



>gp|S74171 f S74171_l alpha s2-casein C (Capra hircua] 

MKPTIFTCLL AVALAXHKKE HVSSSEEPI" I~QEIYXQEK NKAIHPRKEK LCTTSCEEW 

RNANEEEYSI RSSSEESAgV APEEISITVC DKHYQKALNE INQFYQKJTQ YLQYPYQGPI 

VLNPWDQVKR NAGPFTPTVN REQLSTSEEM. SKKTIDMEST E V FTilATiLL T EZEXNRLNTL 

KIISQYYQKF AWPQYLXTVD QHQKAMKPWT QPKTNAIPYV RYL 223 
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>niHS39776|S39776 alpha-S2-casein form b precursor - rabbit 
>P1 - |S3 >gp| X 76909|OCPAS2BCS.L pre-alpha S2b casexn (AA -15 to 167) 

[Oryctolagus cusie«lu*l 

„ r „„„ rl ,rDirr=- 0SSS"""IAV SQEVSPHLKH ICSTACZXPI lOlINKV." 

^IIEI^ vn^SS SSwM DPWTRAETKA IPFdTMQTX QEKDAIXHTS 
SSSS 3E££ SSSSq TMNPWHHVXT XirCSVPTL 179 



(CAS2_SEEEP] ALPHA-S2 CASSIS PRECURSOR. 

^ Q ^!^ TI _ CI r avaLAKHIWS SVSSSEEPIN ISQEIYXQEX HMAIHPRXEX LCTTSCZZVV 

VLNPTOQVKR NAGPITPTVN REQLSTSEEN S7KTIDMEST EWTTZKLT EBEHRLHtt 
KRISQYY0K7 AWPQYI-KTTO O.EQKAMKPWT QPKTHAIPTV RTL 



[CAS2_PIG] ALPHA-S2 CASEIN PRECCRSOR. 

^"ISnrrcit avatakheme bvssszsszm isqesykqek kvinhpskd i^*==£ 

nv^4rr>LS SSSSEESVDI =AENVXVTVE DKHTL2COLEJC ISQFTaKZPQ ^C^iOM * 
VH^^ SAyI^I QSSESLSWE EPVSSSQEZH TXTVDMESHE 
• EeSe^N WPQYIXTVBQ KQKAHXPWNH IXTOSYQIIP KXRTF 
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In three letter code these translate to: 



Me tLys Phe He Phe PheThrCys LeuLeu 
, AlaValAlaLeuAlaLysHisLysMetGlu 

HisValSerSerSerGlyGlyProIIeAsn 
IlePheGlnGluIleTyrLysGlnGluLys 

AsnMe t Al alleHis ProArgLysGluLys 
LeuCysThrThrSerCysGluGluValVal 

ArgAsnAlaAsnGluGluGluTyrSerlle 
ArgSerSerSerGluGluSerAlaGluVal 

Al aProGluGlu I 1 eLy s I 1 eThrValAsp 
AspLysHisTyrGlnLysAlaLeuAsnGlu 

IleAsnGlnPheTyrGlnLysPheProGln 
TyrLeuGlnTyrProTyrGlnGlyProIIe 

ValLeuAsnProTrpAspGlnValLysArg 
AsnAlaGlyProPheThrProThrValAsn 

: ArgGluGlnLeuSerThrSerGluGluAsn 
SerLysLysThrlleAspMetGluSerThr 

GluValPheThrLysLysThrLysLeuThr 
GluGluGluLysAsnArgLeuAsriPheLeu 

LysLysIleSerGlnTyrTyrGlnLysPhe 
Al aTrp P r oG 1 nTy r Le uLy s ThrVa 1 Asp 

GlnHisGlnLysAlaMetLysPrbTrpThr 
GlnProLysThrAsnAl a He ProTyrVal 

ArgTyrLeu 
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>pir/S33881/S33881 alpha S2-casein E goat 

MetLysPhePhellePheThrCysLeuLeu 

AlaValAlaLeuAlaLysHisLysMetGlu 

HisValSerSerSerGluGluProIleAsn 

IlePheGlnGluIleTyrLysGlnGluLys 

AsnMe t Al alleHis Pr o Ar gLy sGluLy s 

LeuCysThrThrSerCysGluGluValVal 

ArgAsnAlaAsnGluGluGluTyrSerlle 

ArgSerSerSerGluGluSerAlaLysVal 

AlaProGluGluIleLysIleThrValAsp 

AspLysHisTyrGlnLysAlaLeuAsnGlu 

IleAsnGlnPheTyrGlnLysPheProGln 

TyrLeuGlnTyrProTyrGlnGlyProIle 

ValLeuAsnProTrpAspGlnValLysArg 

AsnAlaGlyProPheThrProThrValAsn 

ArgGluGlnLeuSerThrSerGluGluAsn 

SerLysLysThrlleAspMetGluSerThr 

GluValPheThrLysLysThrLysLeuThr 

GluGluGluLysAsnArgLeuAsnPheLeu 

LysLysIleSerGlnTyrTyrGlnLysPhe 

AlaTrpProGlnTyrLeuLysThrValAsp 

GlnHisGlnLysAlaMetLysProTrpThr 

GlnPr oLy s Thr As nAl a X 1 e Pr oTy rVa 1 

ArgTyrLeu 223 

>pir/S74171/S74171 1 alpha S2 -casein C [Capra " hi reus] 

MetLysPhePhellePheThrCysLeuLeu 

AlaValAlaLeuAlaLysHisLysMetGlu 

HisValSerSerSerGluGluProLIeAsn 

IlePheGlnGluIleTyrLysGlnGluLys 

AsnMetAlalleHisProArgLysGluLys 

LeuCysThrThrSerCysGluGluValVal 

ArgAsnAlaAsnGluGluGluTyrSerlle 

ArgSerSerSerGluGluSerAlaGluVal 

AlaProGluGluIleLysIleThrValAsp 

AspLysHisTyrGlnLysAlaLeuAsnGlu 

IleAsnGlnPheTyrGlnLysPheProGln 

TyrLeuGlnTyrProTyrGlnGlyProIle 

ValLeuAsnProTrpAspGlnValLysArg 

AsnAlaGlyProPheThrProThrValAsn 

ArgGluGlnLeuSerThrSerGluGluAsn 

SerLysLysThrlleAspMetGluSerThr 

GluValPheThrLysLysThrLysLeuThr 

GluGluGluLysAsnArgLeuAsnPheLeu 

LysIlelleSerGlnTyrTyrGlnLysPhe 

AlaTrpProGlnTyrLeuLysThrValAsp 

GlnHisGlnLysAlaMetLysProTrpThr 

GlnProLysThrAsnAlalleProTyrVal ' 
ArgTyrLeu 2 23 
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>pir/S39776/S39776 alpha-S2- Casein form b precursor - 
rabbit 

>gp/X76909/OCPAS2BCS 1 pre-alpha S"b casein (AA 
-15 to 167) 

[Oryctolagus cuniculus] 



MetLysPhePhellePheThrCysLeuLeu 

AlaValAlaLeuAlaLysProLysIleGlu 

GlnSerSerSerGluGluThrlleAlaVal 

SerGlnGluValSerProAsnLeuGluAsn 

IleCysSerThrAlaCysGluGluProIle 

LysAsnlleAsnGluValGluTyrValGlu 

ValProThrGluI leLysAspGlnGluPhe 

TyrGlnLys Va lAsnLeuLeuGlnTyrLeu 

GlnAlaLeuTyrGlnTyrProThrValMet 

AspProTrpThrArgAlaGluThrLysAla 

IleProPhell e Ar gThrMe t GlnTyrLys 

GlnGluLysAspAlaThrLysHisThrSer 

GlnLysThrGluLeuThrGluGluGluLys 

AlaPheLeuLysTyrLeuAspGluMetLys 

GlnTyrTyrGlnLysPheValPheProGln 

TyrLeuLysAsnAlaHisHisPheGlnLys 

ThrMetAsnProTrpAsnHisValLysThr 

IlelleTyrGlnSerValProThrLeu 

179 .... 

[CAS2 SHEEP] ALPHA -S2 CASEIN PRECURSOR 
SEQUENCE . 

MetLysPhePhellePheThrCysLeuLeu 

AlaValAlaLeuAlaLysHisLysMetGlu 

HisValSerSerSerGluGluProIleAsn 

IleSerGlnGluLIeTyrLysGlnGluLys 

AsnMetAlalleHisProArgLysGluLys 

LeuCysThrThrSerCysGluGluValVal 

ArgAsnAlaAspGluGluGluTyrSerlle 

ArgSerSerSerGluGluSerAlaGluVal 

AlaProGluGluValLysLIeThrValAsp 

AspLysHisTyrGlnLysAlaLeuAsnGlu 

IleAsnGlnPheTyrGlnLysPheProGln 

TyrLeuGlnTyrLeuTyrGlnGlyProIle 

ValLeuAsnProTrpAspGlnValLysArg 

AsnAlaGlyProPheThrProThrValAsn 

ArgGluGlnLeuSerThrSerGluGluAsn 

SerLysLysThrlleAspMetGluSerThr 

GluValPheThrLysLysThrLysLeuThr 

GluGluGluLysAsnArgLeuAsnPheLeu 

LysLysIleSerGlnTyrTyrGlnLysPhe 

AlaTrpProGlnTyrLeuLysThrValAsp 

GlnHisGlnLysAlaMetLysProTrpThr 

GlnProLy sThr As nAl a 1 1 e ProTy rVa 1 

ArgTyrLeu 
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[CAS 2 PIG] ALPHA- S2 CASEIN PRECURSOR. 
SEQUENCE 

MetLysPhePhellePheThrCysLeuLeu 
AlaValAlaPheAlaLysHisGluMetGlu 
HisValSerSerSErGluGluSerlleAsp 
IleSerGlnGluLysTyrLysGlnGluLys 
AsnVallleAsnHisProSerLysGluAsp 
IleCysAlaThrSerCysGluGluAlaVal 
ArgAsnlleLysGluValGluTyrAlaSer 
SerSerSerSerGluGluSerValAspIle 
ProAlaGluAsnValLysValThrValGlu 
AspLysHisTyrLeuLysGlnLeuGluLys 
IleSerGlnPheTyrGlnLysPheProGln 
TyrLeuGlnAlaLeuTyrGlnAlaGlnlle 
ValMetAsnProTrpAspGlnThrLysThr 
S e r Al aTy r Pr o Phe IleP r oThrVa 1 1 1 e 
GlnSerGlyGluGluLeuSerThrSerGlu 
GluProValSerSerSerGlnGluGluAsn 
ThrLysThrValAspMetGluSerMetGlu 
GluPheThrLysLysThrGluLeuThrGlu 
GluGluLysAsnArgLIeLysPheLeuAsn 
Ly s LI eLy sGlnTyrTyrG 1 nLys PheThr 
TrpProGlnTyrlleLysThrValHisGln 
LysGlnLysAlaMetLysProTrpAsnHis 
IleLysThrAsnSerTyrGlnllellePro 
AsnLeuArgTyrPhe 
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It will be apparent from this that the C- terminal 
sequence can vary from species to species and that 
consequently whilst the preferred sequences comprise 
those derived from the C- terminal end of the bovine a- 
S2 casein those of the other species might be used. 
v Furthermore, due to the similar nature of some 
amino acids it is possible that minor substitutions 
may have little effect on the functioning of the 
sequence . 

Thus, for example/ Leucine, isoleucine and valine 
may be interchanged. Tyrosine and phenylalanine may 
be interchanged, and arginine and lysine may be 
interchanged 

The significance of the discovery is that a 
peptide supplement which can promote growth can be 
added to food or drink products, for both human or 
animal consumption. 

According to a further aspect of the present 
invention there is provided a food or drink product 
comprising a peptide or salt thereof of the invention. 

Preferably the food or drink product is an infant 
formula or an animal feed. It may be in liquid or 
powder form. 

Whilst it is possible to synthetically produce 
peptides according to the present invention it would 
be desirable to produce the peptide in situ from cows 
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milk. 

According to a further aspect of the present 
invention milk is treated with an enzyme to break the 
casein in the milk into smaller fragments containing 
the active peptide or a salt thereof of the invention. 

Preferably the enzyme is a protease and more 
particularly one which cleaves lysine cross-bonds. 
More preferably still it is plasmin or trypsin. 

The invention will be further described by way of 
example only with reference to the following examples: 

EXAMPLE 1 

The growth promoting activity of different milk 
types was determined by precipitating caseins and 
assaying the supernatants for their ability to 
stimulate the incorporation of [3H] thymidine into the 
DNA of Rama 27 cells by known methodology {Smith et 
al, 1984) . 

The results of the tests are illustrated in Fig 
1. which shows the growth-promoting activity of 
different milk types. Three sorts of commercial milks 
were acidified to precipitate the caseins and assayed 
for their growth promoting activity. The greatest 
activity was found in semi -skimmed milk. SDM (step 

down medium) represents the negative ' control and FCS 
(foetal calf serum) represents the positive control. 
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EXAMPLE 2 

5 litres of semi -skimmed milk was made tcTpH 3.0 
with HC1 and left for 2 hours at 4°C. It was 
centrifuged in a Sorvall RC5B centrifuge at 9000 rpm 
in a GS3 rotor for 40 min, and the supernatant 
(approximately 3.6 litres) was poured through glass 
wool to remove fat. Solid (NH 4 ) 2 S0 4 . was added slowly 
to the supernatant with stirring at 4°C to a 
concentration of 22% (w/v) , and was left for 2 hours 
at 4°C without stirring. Precipitated protein was 
removed by centrif ugation as above. To the 
supernatant was added further (NH 4 ) 2 S0 4 to a 
concentration of 35% (w/v) and the precipitate 
recovered as above. The precipitate was redissolved 
in 1600ml distilled water and dialyzed against running 
tap water overnight, then against 20mM NaH 2 P0 4 , pH6 . 0 , 
for 8 hours . 

The active fractions were obtained using a series 
of chromatographic techniques as outlined in (i) to 
(iv) below: 

(i) The active fraction prepared as above was 
subjected to CM-Sepharose chromatography. It was 
added to a column of CM-Sepharose (10cm x 5cm id, 
Pharmacia) that had been pre-equilibrated with 20mM 
Sodium phosphate buffer pH6 . 0 . After . loading, the 
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column was washed with 500ml of 50mM NaCl in the same 
buffer. Protein was eluted with a 1500ml linear 
gradient of 0.1 to 0 . 7M NaCl in 20mM sodium phosphate 
buffer pH 6.0. The bioactive fractions eluted at 
0.28M NaCl and approximately 0.4M NaCl - see Fig. 2. 
In Fig 2 the upper panel shows the absorbance of the 
protein at 280nm and the lower panel shows the 
activity (The incorporation of 3 H- thymidine into 
DNA) . The sample was from material precipitating 
between 22 to 35% (NH 4 ) 2 S0 4 . After being redissolved 
and dialyzed it was loaded into the column (10 cm x 5 
cm) with 0.05 M NaCl in 20mM NaH 2 P0 4 , pH 6.0. The 
eluting gradient was 0.1-0.7 M NaCl in 20 mM 
NaH 2 P0 4 ,pH6. The flowrate was 5ml/min, the fraction 
size was 25 ml each. Two activities eluted at 0.28 M 
NaCl and 0.34-0.45 M NaCl respectively. The high 
absorbance at 28 0 nm at the beginning of the trace 
indicates the amount of unbound protein. The 
f raction-eluted at 0.28 M NaCl was used for further 
purification. 

(ii) The active fractions from the above separation 
were subjected to hydrophobic interaction 
chromatography: It was made 3 . 7M with NaCl in 20mM 
NaH 2 P0 4 , pH6.5, and applied to a butyl Sepharose 
column (8.6 cm x 2.5 cm id) that had been pre- 
equilibrated with 4M NaCl in 20mM NaH 2 P0 4 , pH6 . 5 . 
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Protein was eluted with a decreasing gradient of NaCl 
as indicated in Fig 3. In Fig. 3 the upper panel 
shows the absorbance of the protein at 280 nm and the 
lower panel shows the activity (The incorporation of 
3 H- thymidine into DNA) . The sample was from the early 
, activity after CM-Sepharose chromatography. The 
column (2.5 cm x 8.6 cm, butyl bonded Sepharose) had 
been equilibrated with 4 M NaCl in 20 mM NaH 2 P0 4 , pH 
6.5. The flowrate was 3.5 ml/min and fraction size 
was 3.5 ml. The activity eluted at 1.6 M NaCl, just 
. before the major protein peak. 
(iii)The active fractions from the 
hydrophobic interaction column were subjected to 
... Reversed Phased HPLC-1 chromatography. it was applied 
sif-? 8 batches to a butyl reversed phase column 

(Brownlee, 300A pore size, 7^m particle size, 25cm x 
4.6mm id) that had been pre-equilibrated with 0.1% 
TFA. After washing the column with 0.1% TFA, protein 
was eluted with a gradient of acetonitrile (far uv 
grade, Rathburns, Walkerburn, Scotland) as indicated 
in Fig 4. In Fig. 4 the upper panel shows the 
absorbance of the protein at 214 nm and the lower 
\ panel shows the activity (The incorporation of 3 H- 
thymidine into DNA) . The sample was from the activity 
after hydrophobic interaction chromatography. The 
column (250 cm x 4.6 mm, C4) had been equilibrated 
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with 0.1% TFA. The flow rate was 0.7 ml/min and 
fraction size was 0.7 ml. The eluting gradient was 10 
to 30% acetonitrile in 0.1% TFA in 30 min. The 
activity eluted at 23% acetonitrile. 
(iv) The active fractions were then subjected to 
reversed phase HPLC-2 chromatography. The mitogenic 
fractions from all 8 batches of the above reversed 
phase chromatograms were pooled and concentrated on a 
centrifugal' drier to a total volume of 100/xl. This 
concentrated material was loaded onto a C18 reversed 
phase column (ODS ultrasphere, Beckman) which had been 
pre-equilibrated with 0.1% TFA, and was eluted with a 
shallow gradient of 20 to 40% acetonitrile, 0.1% TFA 
over 45 min, at a flow rate of 0.2ml/min. Absorbance 
was monitored at 214nm, and material from each peak of 
absorbance was collected separately by hand - see Fig 
5. In Fig. 5 the upper panel shows the absorbance of 
the protein at 214 nm and the lower panel shows the 
activity (The incorporation of 3 H- thymidine into DNA) . 
The sample was from the activity after reversed phase 
HPLC-1. The column (ODS) had been equilibrated with 
0.1% TFA. The flowrate was 0.2 ml/min. Each 
absorption peak at 214 nm was collected manually. The 
eluting gradient was 20 to 40% acetonitrile in 0.1% 
TFA in 45 min. The peaks A,B,C (arrows) were all 
active. 
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The purified proteins (peaks A,B,C) obtained in 
step (iv) were then analysed. 

Protein content was measured by the binding of 
Coomassie Blue according to the Bio-Rad protocol, 
using bovine gamma globulin as standard. Peptide 
.-quantification of fractions separated by HPLC was by 
-,. their absorbance at 214nm, using cytochrome c and 
lysozyme as standards. 

The protein fractions A,B,C, of the casein 
digest where assayed for their ability to stimulate 
the incorporation of [3H] thymidine into the DNA of 
Rama 27 cells exactly as described previously. 

The results are illustrated in Table 1 which 
- shows the growth promoting activity of progressively 
-purified fractions of-or-S2 casein. 

The peptides from the peaks B and C of reversed 
phase HPLC-2 were then sequenced. They were found to 
be a nested series of sequences of 5 peptides. They 
corresponded to the O terminus of bovine a-S2 casein. 
The peak C was solely ThrLysVallleProTyrValArgTyrLeu, 
the other sequences were from peak B, 

The sequences of the peaks are identified below: 
Sequence 1 LysVallleProTyrValArgTyrLeu (peak B) 

Sequence 2 ThrLysVallleProTyrValArgTyrLeu (peak C) 
Sequence 3 LysThrLysVallleProTyrValArgTyrLeu (peak B) 
Sequence 4 
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AlaMe tLys ProTrp 1 1 eGlnProLysThrLys Val I Ie ProTyrValArgTyrLeu 
(peak B) 
Sequence 5 

ProGlnTyrLeuLysThrValTyrGlnHisGlnLysAlaMetLysProTrpIIeGlnPro 
LysThrLysVallleProTyrValArgTyrLeu (peak B) 

To ascertain than the activity was not due to 
impurities identical peptide sequences were 
synthesized on a Milligen/Biosearch 9050 peptide 
synthesizer (Millipore, Watford) using Fmoc chemistry 
and pentaf luorophenyl esters according to the standard 
protocol . 

Of these initially only 
LysVal lie ProTyrValArgTyrLeu showed bioactivity, but 
after storage in PBS all the peptides acquired a low 
level of mitogenicity. The activity of 
LysVal I I e ProTyrValArgTyrLeu was substantially 
increased when maintained at alkaline pH. By way of 
contrast alpha-casein was inactive in the mitogenic 
assay. On digestion with trypsin, activity in the 
assay was generated, Which was separable by reversed 
phase HPLC from that due to trypsin itself. 

The example described herein demonstrates that 
the growth factor activity of milk is largely due to 
C- terminal fragments of a-S2 casein. 

Given the activity of the peptide it is expected 
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that the addition of from O.l^g to 10/zg, more 
particularly about 1 fig of peptide to 250g of feed 
drink will provide good growth promotion activity. 

However, in order to maintain the activity the 
synthetic peptides should be stored in alkaline 
conditions, preferably at about pH 13. 
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SEOUENCE LISTING 
SEQUENCE I.D. No 1 
LENGTH: 9 amino acids 
TYPE: Amino acid 

SEQUENCE : LysVallleProTyrValArgTyrLeu 

SEQUENCE I.D. No 2 
LENGTH: 10 amino acids 
TYPE: Amino acids 

SEQUENCE : Thr LysVallleProTyrValArgTyrLeu 

SEQUENCE I.D. No 3 
LENGTH: 11 amino acids 
TYPE: Amino acids 

SEQUENCE : LysThr LysVallleProTyrValArgTyrLeu 

SEQUENCE I.D. No 4 
LENGTH: 19 amino acids 
TYPE: Amino acids 
SEQUENCE : 

AlaMetLysProTrpIIeGlnProLysThrLysVallleProTyrValArgTyrLeu 

SEQUENCE I.D. No 5 
LENGTH: 31 amino acids • 
TYPE: Amino acids 
SEQUENCE : 

ProGlnTyrLeuLysThrValTyrGlnHisGlnLysAlaMetLysProTrpIIeGlnPro 
LysThrLysVal I IeProTyrValArgTyrLeu 
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CLAIMS 

1. Use of a peptide or a salt thereof comprising 
an amino acid sequence substantially identical to the 
C-terminal end of an a-S2 casein precursor, for the 
manufacture of a medicament or foodstuff for promoting 
growth. 

2. Use of a peptide as claimed in claim 1, 
wherein the peptide is derived from bovine, goat, 
sheep, rabbit or pig a-S2 casein or is a synthesised 
equivalent or homologue thereof . 

3. Use of a peptide as claimed in claim 2, 
wherein the peptide is derived from bovine a-S2 casein 
or is a synthesised equivalent or homologue thereof. 

4 . Use of a peptide as claimed in any of the 
preceding claims, in which the peptide comprises from 
9 to 31 amino acids. 

5 . Use of a peptide as claimed in any of the 
preceding claims, in which the peptide comprises 9 
amino acids . 

6. Use of a peptide as claimed in any of the 
preceding claims comprising the amino acid sequence: 

Ly s Va 1 I 1 e P r oTyrVa 1 Ar gTy r Le u 
or a homologue thereof . 

7. Use of a peptide as claimed in any of claims 
2 to 6, in which the homologues comprise peptides in 
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which : 

i) one or more of the amino acids Leu, lie and 
Val are replaced by one another; 

ii) one or more of the amino acids Tyr and Phe 
r., are replaced by one another; and/or 

iii) one or more of the amino acids Arg and Lys 
are replaced by one another. 

8 . Use of a peptide as claimed in any of claims 
1 to 7, in which the peptide has the sequence: 
Lys Va 1 1 1 e ProTyrVal ArgTyrLeu . 

9. Use of a peptide as claimed in any of. claims 
1 to 7 in which the peptide has the sequence : 
Thr Ly s Vallle Pr oTyrVa lAr gTyrLeu . 

10 . Use of a peptide as claimed in any of claims 
1 to 7 in which the peptide has the sequence: 
LysThrLysVallleProTyrValArgTyrLeu . 

11. Use of a peptide as claimed in any of 
claims 1 to 7 in which the peptide has the sequence: 
AlaMetLysProTrpIleGlnProLysThrLysVallleProTyrValArgTyrLeu. 

12. Use of a peptide as claimed in any of claims 
1 to 7 in which the peptide have the sequence: 

ProGlnTyrLeuLysThrValTyrGlnHisGlnLysAlaMetLysProTrpIleGlnPro 
LysThrLysVallleProTyrValArgTyrLeu . 

13 . Use of a peptide as claimed in any of the 
preceding claims in which foodstuff is an infant 
formula or an animal feed. 
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14 . Use of a peptide as claimed in any of the 
preceding claims in which the medicament or foodstuff 
is a liquid or powder. 

15. Use of a peptide as claimed in any of the 
preceding claims, in which the medicament or foodstuff 
comprises whole milk or semi -skimmed milk. 

16. Use of a peptide as claimed in any of the 
preceding claims, in which the medicament or foodstuff 
has an alkaline pH. 

17. Use of a peptide as claimed in any of the 
preceding claims, in which the peptide is present in 
an effective amount. 

18. Use of a peptide as claimed in claim 17, 
wherein the effective amount is 0.1 to 10^g to 250g of 
medicament or foodstuff. 

19. A food or drink product comprising a peptide 
or a salt thereof comprising an amino acid sequence 
substantially identical to the C-terminal end of an ot- 
S2 casein precursor. 

20. A method of. producing a medicament or 
foodstuff comprising a growth promoting peptide 
comprises treating milk with an enzyme to break milk 
casein present in the milk into one or more peptides 
comprising an amino acid sequence substantially 
identical to the C-terminal end of the or-S2 casein 
precursor. 
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